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OIAGNOCTIC MEIBOO FD» ATHEKOSCLEROSS 
p.^^^p^/H.nrt th« TnvitTiriim 

Invention r»l«t«« M « now I dl*Qnoatie Mthod. Nor. 
parcleulkrly. thm invan-elon i« dir«et«d to ■ ill*gT»o«tlc Mtbod 
and ocrMnlng t««t for «th*ro»eloro»ls and analaTOus disusM 
involvlnq «ctlv«tod phaqecytM and/or inTliWtloo moeb for 
•xBKpl*, arthritis, inflanatory bowel disaasa^ lachamia- 
raparfumion Injury and tha lika inflawtory and vaaeular 
dlsauH. 

A laadinq cauM of daath in tha Uaitad Stataa is haart 
dlsaasa. About ona Million parson* In tha o.s. di* of haart 
disaaaa annuallr. Basrt disaaaa is actually a vlda variaty of 
disaaaas. Tha principal cauaa of aaoy of th.» is atharoaclarooia. 

Xtharosclaroaia Is a eonon for» of artariesclarosis in 
which fatty daposlta, rafarrad to as plaqua*. build up within tha 
IntiM (innar wall of tha srtarias) . km a eonsaquanca of tha 
raaultioQ narrowing on tha artariaa that ta«S blood to tha haart, 
tha haart supply of oxygan. which is carriad by tha blood, is 
raducad. Whan blood supply is diainlshod apprwsiably, tha 
individual »ay foal tha pain of angina pactoria. Such pain U 
frequently sxacarbatod whan tha haart raquiras an unusually large 
aaount of blood, e.g., during aaotional stress or axarcisa. Whan 
tha heart is thus deprived of its oxygen supply, hasrt auscle 
tissue diae. That la, a coronary occlusion or ayocardial 
infarction vy result, which can be fatal if » Urge area of 
tissue is aff acted. 

TtMrafore. whan an individual axperiancea the syaptoas of 
angina pain, proapt contact with aadlcal help ia advieed. OulCk 
Mdleal attention My be neueeary to prevent a Myocardial 
infarction or to provide therapeutic intervention if It has - 
already occurred. 
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Al though there are nuBerous therapeutic agenta which have 
been used for coabating heart disease, chair uss aay be Halted 
in instances where excessive tissue damage has already occurred. 
Surgical intervention such as angioplasty or bypaaa surgery aay 
be indicated. 

Zn view of tha foregoing, It Is apparent that a diagnostic 
■ettaod end screening teet for atharosclarosia would have 
signlClcant practical usa in the aedlcal field. Such a diagnostle 
would be useful for Instituting precautionary aaasuree within the 
individual *B control, such as diet, exercise, etc., or 
edainiatering therapeutic intarwantlon before the onset of a 
ayocardial Infarction. 

Xceordlngly, it is a principal object of the present 
invention to provide a diagnostic acthod or preventive screening 
test for atheroscleroeis and analogous diseases involving 
ectivatad phagocytes and/ or inflaaaatlon such as. for exaaple. 
arthritis, inflawtory bowel dleeaae, lechaala*reparfuaion 
Injury ond the like inflamtsry and vaaeular diseasae. 

Zt is a further object to provide • diagnostic asthod for 
atheroaelaroais which preferably is essentially non-invasive to 
the petient, ae distinguished fros invasive procedures such as. 
for exaaple, cardiac cathaterisation. * 

faotat Literatur* rafaraaeas on the /oJiovXng hackgrouad 
iaroraatietn aad ooavaotional test aatiMds acd laboratorr 
proemfures w«I2-Jtnawn to the parson skilled la the art, end other 
such stata*of-tha-art taehniguas as used harelA. are Ijjtficsted io 
pareothasas. «od eppaoded et the end of the speciri eatloa . ; 

Hvneyeheleeteraleaie aad hvneralveeela are tvo laportawt rlsfc 
faetere for -thereealerotle vaewilar disease 11.11. The covalent 
aed if lest ion of protaina by reactive aldehydee has bean 
iaplicated in etheroganasis in both of these dUordera (1-S). 
Previous reports indicate that low density lipoprotein (LSI.] . the 
aajor carrier of blood cholesterol, sust be oxldatively aodlfled 
to trigger the pathological evants of atheresclsrosis {4.«,9|. 
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Ud«hrtf«» dcrivwl rroa mldKvd LDl. lipids aay pl«y • 
critic*! rol» in MdlAtlng Mny ot «»••• •v«nt« IJ-Tl . OlAbatlc 
vucuUr dlkuB* m»y alBil^rly r«»olt fr«m covkl*nt »odirleatlen 
of v««cul«r v«ll «Rd pla«M protalna by qluco«», vhlch In lt» 
op«n dMUi ton posoanM ft raacdva «ld«hyda Molaty It-lO). 

DMplto widnpraad IntarMt in tho po««ntlftL ivportanea of 
ructlv« aldfthydas in th« p*thog«n«»i« of diaoas* and %qinq t»- 
iMt, little la know ra^ardlnq tba natura of tha eovalant addueta 
tonMd botwaan aldahydaa and protalna Jn vjvo. Hoat atudlaa hava 
raliad on laaunohiatocttaaleal aathoda to da tact aldahyda-aodiriad 
protalna tlJ-X«) . and tha aMCt struettira ( a I ot ttia eognata 
«pltopa(o) 9a»arally la ufUinown. Zndaad, tha only -all- 
charaetarltad preducta of tha raactlon of aldahydaa with protalna 
in vivo *ra qlueeaalyalna (ITl, fmctoa-lyalna |tha Aaadorl 
product; raf. 17», pantoaidlna (11) and tr-(c«rboxyMthyl) ly«lna 
llf ) , wbich «ra qanaratwJ In vitro by tha raactlon of raduclng 
sugara with protalna. 

A potantial pathvay propoaad and considarad horaln for 
waacular Injury involve* Nyaloparoxidaaa, a haaa pretaln sacxatad 
by phaqocytaa (7, a»-3t) . Myaloparoitidaaa uaaa H,0, 9an*rBtad by 
pt»«9acytaa to preduca dlffualbla eytetexic oxldanta (2X-ia) . 
Inunohiato-ehaKical and hiochMical atudlaa bava dawsnstratad 
that aetiv* «y«loparoxldaaa la a coaponant of buaan 
atharoaclarotie laaiona (3t) . Tha pattama of i wunoats ininq Cor 
th* anzyM (12) and prota in-bound lipid oxidation products in 
atharoaclarotie laaiona (III ara raurkably almilar. 

TtM baat eharactariiad product of ayaloparoicidaaa is hypo- 
chloroua acid (HOCl) . vhieb la ganaratad froo chlorida ion (CI') 
In a two alactron oxidation raactlon (Equation i) raf a. ll.lJ). 

CX* H,0, ♦ r - HOCl ♦ H,0 {Equation 1) 

BOCl bloaeba* hama proteins 1301 . convart* aoinu to chloraainM 
iai-l»|, iaaetivatea aulfhydryl groupa (}4,JS) and chlorinataa 
unaaturatad lipids (ia*iai . 

Anotbar substrata for oxidation by syoioparoxidaao ii L- 
tyroaina, which undargooo a ona alactron oxidation raactlon to 
for« tyrosyl radical (SS,S«). Tyrosyl radical convarts protaln- 
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bound tyroayl raaiduaa to o,e*-dltyresina and Inltlataa lipid 
paroxldatien, which say rondar LOL atharoqanle (3S.t«,)t,«tl . 

It has baan racantly dasonstratad that actlvatad phaqecytoa 
also asploy tha Byaloparo«idaa«-K,0,-Cl* ayatas to convart L* 
tyres ina to tha auphlpathie aldahyda, p-hydroxyphanyUcataldahyd« 
(pHX) CtT>. M ^lyaloleqleal coneontrationa of L^tyroalna and 
CI*, PVX is tha Bs)er product of phageeyta activation (tTl . 



Brtaf Paaerlptlon of tha Tnvantlon 



In aecordanca with tha praaant invention a disgnoatlc Mthed 
and seraaning tast for athareaclaroaia and analogeua disaaaaa 
involving actlvatad phagocytes and /or inflauation is provided. 

The Mthod ceaprisaa datanining tha praaanea of p-hydroxy- 
pbanylacataldahyda-lyslna (p8X- lysine) aa a highly aalaetlva and 
sanaltlva sarker for syelop«roxidos a -s a diated oxidative daaaga in 
a body fluid or tissue. 

Detection of p)U- lysine In the body fluid or tissue of a 
patient at a level which ia autostantlally elevated ,ra la tiva to 
tha level in a norsal patiant thereby Is useful for seraening for 
atheroeeleresia and a wide variety of disaaae* involving 
activated phagocytes and/ or inf laaoution. 

The diegnoetle Mthod also Is useful aa an assay for 
oxidative stress ^p. gix° &n<i 'o*' eonitoring the af fectivanass ot 
tberapwitic intervention for atherosclerosis and analogoos 
diaeasas involving activated phagocytes and/ or inflaaaation. 

The bed/ fluid or tissue for the uaa in the diagnoatic 
Bethod can be, e.g., blood serus or plassa, urine or body tiasusa 
or colls containing ■atabolic products of •etivatad phagocytes. 

In aecordanca with tha invention, it has baan found that 
pHX, tha u^or product of L*tyrosine oxidation by phagocytes, 
reacts with the tree ajiino group of lysine rasiduas on proteins' 
to form a Scbift bass (See ScheM I, below). Ihe structure of 
th* reduced protein sdduet was astablishad unaabiguously *• pHX- 
lyslna by ssas speetroMtrtc analysts and high resolution mOt 
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»p«ctro*ctipr . Nar*ov«r, pHA-lyalM M«a <|at«cc*4 In huMn 
inCtsMMtory tl«>u«8, daaonstrfttlng thtt pHA Bodltles proteins in 
viwo. 

pMK'Lyaitf vam ftUo 9anar«t*d In Modal protalns axpoaad to 
synUwtleally praparad pfU, L-tyroalna oxldizad by tba 
mylopmnxidamm-'a,0,'Cy mymtwrn, and L'tyroaina oxldlxad by 
•etivatad huMn pha<90cytaB. Tti«aa raaulta Indlcata fraa pMft 
9atMratlon by Kyaloparaxldaaa aa a critical atap In tha raactlm 
pathway, conalatant with tbaaa ttndlngs, addition oC tha KfO, 
Bcawanqar eatalaaa, and tha paroxidaaa Inhlblten axlda and 
eyanida. Inhibltad pHA-lysin* g«n«rati(») by botli tha purlfilad 
anxymatie aysta* and aetlvatad huaan nautrophUa. 

Covalant aodlflcatlon of lyaina raaiduaa on intracailular 
and B«»brana-aassciatad protalna at Intact nautropbils and 
•rythrocytaa waa oba«rv«d follow in9 pHA. aynthaaia by 
■yaloporowidaa*. Ttma, production ot pHA at sltaa of 
inflaaMtion results in tha CDv*l«nt aodtficatlsn of 
' axtraealluiar, aambranoiui and Intxacollular tan^at protalna. 

plU- Lyaina was tha mjor adduet datactad la tba aaino acid 
bydroiycataa of oedal prot*in» axpoaad to pHA, radocad with 
NaCltBR,, and sub^actad to acid hydrolyaia. Oataetlen of pHA- 
lyaln* within huaan tlaaua thus aarvos a» a highly aalaetiva and 
aansltiwa urkar for syaloparexidasa-aadiatad oxldatlva damga, 
aa in athareaelarosla. Tha stabla iaotepa dilution GC~HS aaaay 
dawalepad bar a in ia eapabla of datactlnq pHA- lyaina at tha 
faatoaola laval, eonfirving its utility for asaaaain? tha da ^i a a 
of protain aodifl cation by phagocyta-qenaratod aldahydas in • 
variaty of laflaaBatory dlsaasa statos. 



' BiMAtid DtocriBtifln ot tha InTcittim 

■Oille tha specification concludes with eJaias particularly 
pointing out and distinctly claialng tba aub)act asttar regarded 
as foralng tha present invention. It is believed that tha 
iBvention will be better understood Croa the following detailed 
description of pre tarred eabodiMnts talten in conjunction with 
the eecsatpanying drawinga in which, briefly* 



WO wiKM pcr/usnnsus 

aylaf Paaqir^ptlon pf »Tia ftfuwlMa 

rta. 1 shows ravarss-phase mc dateetiea of the reduced ■ehlCf 
baae addvet f oxaed la tfee reaetiea betwaaa pKA aad ■'•aaatyl* 
lyalaa. haaetlona containing both pHA (2 bM) and ir**acatyl- 
lysiaa (4 aN) or either eoaponent alone were Ineobatad for 4 b at 
S7*C in 20 aM sediua phosphate* 100 tm OTPA, pM l.t. MaCMUt, (10 
aWI was Chen added and reaction aixtures Ineubeted at ]7*c - 
overnight. Products vera subleeted to KPLC analysia en a CIS 
eeluan aa described under *luthoda*, balm. The single aa^er 
aeid-atable coapeund foraed in the pnm»ncm of both pHA and If*- 
acetyl- lyaina {retention tiae 14. D ain) was collected and 
identified as if'Scatyl'lT-pHA-lyaine in the teats described in 
net. 2-4. 



no. t shows is two parts, nos. ah aad Sb, aegativa-ioa ohaaleal 
lealsatloa-gaa ehreaategrapby-aaae epeetxoa of the radoaod sahlCt 
baaa CerMd beteee* pSA aad «*-ae««yl*lyeiae. The aajor product 
of the reaction between M* -acetyl -lyaina and pHA (fXC. 1, 
retention tiae 14.0 aint was isolated by reverse phase BFtC, and 
ita n-pTOpyl ester, par-PFT derivative aubjactad to CC-KS 
•nalyais as described under ■Kathode.* 

(ne.SA) Total lea ebroaategraa of tha darivatlted KPIC- 
purlCiad product. 

(PIC. 28] segative-lon tdMalcal ionitation aaas apeetrva of 
tha darlvatited KPLC-puritled product. The aaas 
Kpeetrua la consirtant with tha proposed struccora 
(Inset, nc.2B) and Cragsentation pattern (Inset. 
nc.2A| ot tha a*propyl eater. per-pfP derivative 
of r-acetyl-ir-pBA-lyslBS. 

tha gaa chroaatographie separation was carried out on a IS a 09-S 
capillary coltoa (3 k w selanCifle; 0.35 bb i.d., l.O 0B filh' 
thielDiaaai nut with the following taaparatura gradient: dO*C to 
150*C at «0>C/ain, then iso>c to 2S0-C at ia>e/ain. Xnjaetor. 
transfer line, and aource teapereturea sat at 350*C, 2S0*C and 
IM-C, raspeetiveiy. 



WOWIB2M 



rcTJUsrr/tstis 



Tia. 1. mhmm* 'm m •pMtrai at tfc« r*duo*d CeklCt form.* 
b«t««M pn &X1 V-«M«Tl-lr*^**' ^* M)or product of K*- 
ACatrl'lysLn* •«» P«* ("6. I, r«t«ntton tlM »4.0 min} 
iBolatad br r«v«r«« ph*M tnor and aim ly tad by *H NMI «■ 
dascrlbMl uDdar "ItotftodB . " Paak ••■i9»»«*»" •■t*bli«h«d by TOCSTf 
(nc. «) Tm dapletMt (Xn««t) and ralaClva Inta^ratad arvaa ara 
Indicatad. Tba intagratad araaa of J» • -proton and aMida {IT 
and r) protona an <1 dua to partial auppraaalon and aaturatlen 
tranaCar tro» axcbanglng watar |vbicb »»aa trradlatad prior to 
■Iqnal aaeitatlon) , raapactlvaly. 

tha protona aaalgnad aa "d" ara not daganarata, and ena 
raaonataa vary cloaa to tha Mthylana (f) aignals. At nautral 
pK. protona adjaeant to tba aaidaa ahow coupllnq to noarby 
aaUiylana group* but not to tha aalda pretofia, which axehanqo 
rapidly vlth »olv«it. Dpon addition of DC I tha as Ida axchanqa 
vaa alowad (parsitCinq dataetlon of tba aoJda protona), laadlng 
to broadanlng of resonancaa adjacant to tha asidaa. Protons not 
obaarvwl dua to rapid axehanga with aolvant ara daalgnatad CD - 



no. 4 ahova two dlMoaioaal total eorralatias apootna of 
aoatyl-V-pn-lyalaa. Tha aaapla uaad for thii apaetrus waa 
Idantical to that Ift FICJ. Croaa paaJca parvlt tha aaaignaant of 
raaoaaneoa of tha radueod Schlff baaa (FTC. J). Xrtlfaers naar 
4.7 ppa in ri and n arlaa from tha Intanaa watar clqnal. 



na. S rnhmmm ravaraa phaaa KVLC aoalyala of raaetad with 
radlalabolod pn. hSA (l aq/uX) was Incubatsd at 37 'C for 2 b 
with purified ('*ClpHX (l.O «f) in Buffar B (JO wM aodiuB 
phosphata. lOO iM OTPX. p« 7.0). Reaction product* w«ra raducad 
by addition of 10 Ml KaCMBll.. ineubatioa at ]7*C for 1 h, sod 
sedlflad BSA''vaB than praeipitatad with 101 trichloroacotic acid 
at 0*c. 



Tba pa 11 at was wasbad twica with ica-«old lOt 
trleiiloroaeotle acid and - suboaquantly hydrolytad with KBr as 
daaerifaad nndar "Hatbods.* Ttw aaino acid hydrolysata was 
sublaetad to revarsa-pbaso RPLC aaploylng a linaar gradlant of O- 
100% satbanol in 0.1* TPA (pH 2,5) owar 2S Kin at 1 al/min. 
rrtctlons Mrs drlad and ana ly tad by aeintlllation ipaetroBdtry. 
Tba identity of tha sajor radioactiva cospound as plU-lysino was 
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confirMd by CC-tfS analysis. Hots thst L-tyroslna darivad froa 
8SA co-«Iutas with pHA-lysina UAdar thasa MFLC conditions and 
eentributaa to tha absorbanca at An*** 



na. ■ abevs U two parts. rXQ. M sad TZO. q|ttastif ieatloa of 
pn>tyaiaa lb eytoplssaio sad »a«brsaa*asaoelaCad protsiss of rod 
blood eaXls svpoaod to tha syaleparesidasa-lliO^-Cl*- tyros iao 
•ystm. Sad blood calls froa wbela blood CI k 10*/bi) vara 
Incnbatad with syaloparoxldaaa (40 itM) . BtO, (100 kM) , 100 aK CI*, 
and I.-tyroaina (lOO liM) . for 1 h at 1T*C in Kaditw B. rollewlng 
radsctlon with HaCHBHi, arythreeyta cytesolic and a aab r a n a- 
asBoeiatad protalna vara isolated by ultraeantrlfugation as 



The content of pHA- lysine In erythroeyta 
cytopl*s&ic and saobrana-essociated proteins was 
detaralned by atabla iaotopa dilution CCHIS. 
valuaa rapraaant tha sean SEX for three 
independent datarwinatlone. 



(PIC.iB): Selactod ion bonitorlng of the base peak (■/< 73S; 
ir-KT) and another Major fragment ion (n/x 70* t 
ir'-3Sr) of pHA-lyslne fres arychroc^rte 
cytoplasaie and neabrana-asseciated protalna 
axpoaad to ayaloperoxidaaa -ganaratad pKA. 

J 

Caa chroMtographic aeparatiens ware performed en a 13 ■ HP* 
I capillary colum (Hewlett Packard; 0.20 tat i.d., 0.33 |» filn 
thleknaas) run with tta* following taaiparature gradient i Te>e to 
300*C St «0*C/min; then 300>e to 37o*c at 10*C/sin. Injector* 
tranafer line, and aowree taBparaturas aat at 350*C. SSO'C and 
180*C, respectively. *Ions arising froa ["C,]-lab«l«d pHA-lysine 
intamaX atandard. 



rXB. 7 abovs pBA*LyalBe foxBStiom la B«A axpoaad to active tod 
buaaa oaetrophlLe. Praahly barvaatad bunan nautrephlla (l x 
lOVsl) wore incubated in Hediua A auppleaen-tad with BJA (1 
■g/Bll and U-tyrosiM (100 iiH) . Calla ware stiaulatad vlth 
phorbol Kyrlstate acetate (200 nM) . Incubated at 37>C for 2 h, 
and raducad with HaOraa, (10 aK final) at 37 «C for > b. 
Neutrophils were resovad by oantrlfugation. 
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PTotaln In thm supamaCAnt wk« pr*clplt«tMl at 0*C with tO« 
trlehloroaeatlc *eld, acid hydrolyiad, and th* aalno aold 
hydro lyMta **aa auto J act ad to CC-NS. Tha n*qatlva>ion ehaeical 
lonlfatlon vaaa apactn» and propoaad CraqMntaClon paltam of 
U» n-propyl aatar, par PPP darlvatlva of pKA-lyalna ara 
ILlustratod. -lona arlalng fro* t"c,)-labal«d pHA-lyslna 
lnc«mal standard. 



rxa. • abova formation of plA-lT*iBa la aadevanoua protalaa af 
aatlvafead buHo aautzophlla. Ttia coaplata ayataa (Co^tlata) 
cons la tad of C rashly harvastad huMn naucr^ils (1 x to*/ftl} 
Incubatad in Madlua A aupplaaantad vlth 200 mK L-tyroaln« and 300 
nil phorbol Myrlatata acatata (PIU) . Calla wara pallatad aftar a 
«0 «in Incubation at 37»C, Meutrophil protains ware raducad with 
10 m HaCVBH, tor 2 h at 37 -C. and sutojactad to acid hydrolyaU. 
Tba contant of pHA-lysina In tba aaino acid hydro lyaata vaa 
datarminwl by atabla isotopa dilution GCHtS. Khar a indlcatad, 
atiparoxlda dismtasa (SOD; 10 (tq/al) , loncmycln antibiotic tXONO; 
1 kH), HaM, (1 OK), HaCM (1 aH) or eatalaaa (30 vara 
Includad with tha eoaplata syataM. 



no. » abowa Ma a apactroMtrlo dataotlen of pBk-lyaliM la boaa 
iBflaMatory tlaaua. Fluid from an Intra-abdoalnal abacaaa wa» 
coilaeted and nixad 1:1 (v:v| with ice-cold buftar B supplamantod 
with eatalaaa and sodlux azlda, and than imadlataly Imaraad In 
lea-cold wator. Tha aaapla waa raducad by 10 sM HaOTBH, in tba 
praaanc* of 100 bh aaaoniua acatata, dallpidatad. and "C- 
laballod piu-lyaina Intarnal standard was addad. 

nta protains wsro acid hydrolyxad, Isolatad uatnq a CIS 
ravarsa phaa* colum, and darivatizad for aalaetad ion aonltorinQ 
CC'KS analysla aa daacribad undar *Nathoda.« loaa froa tha n- 
prepyl-p«r PrP darlvatlva of pHX-lyalna wara aonltorad at a/i 14* 
{IT) , 72« (IT - m . 706 (K" - IHf) , C12 (M" - HT - CO,) , S«» 
(ir - CFtCTtCHO) and *7« (IT* - Cf ,CF,C0O-Cyi,-C«,CB,) . 

Tba ratttntion tin of tha iona wars idantlcal to tba corra- 
spondlnq ions darivad fro« t"C,)-Ubalad plU-lyalna Ihtamal 
standard. Caa ehroMtovraphic aaparatlona wara earrlad out en a 
ao • OB-17 capillary column (J » w scisntltlc; e.2S mm i.d., 0.25 
sa (ilm thiclcness) run with tha followinq tamparatura ^radiant: 
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ss film tbieknssa) run with tba followinq taaparaturs gradiantt 
175»C for 3 sin, than 175»C to 270'C at *0*C/Bln. Injaeter. 
trans far Una. and aourcs tamparaturas aat at 250»C, 250' C and 
120 raspactivsly. 

In ordar to turxhsr llluatrata tha ln»«ntion in qraatar 
dataiX, tba follovlnq Sxasplas wars earrlad out although it «lll 
ba appraelatad that tha Invantion is not liaitad to thess 
«pcelfle asasplss or tha datalla dascribad tbarsin. 



uvoxxu 

0,0, L-t"C.)lyilna and L-t"C»l tyros ina wars porch»«ad froa 
Caabrldqa Xaotopoa. Ine. L-l'»C)ryroatna waa purebasod frai 
Dapent- M«w England Huelaar. HVLC soivants wara purebasad fro« 
Baxtar. Cbalax-lOO rasln. fatty acid- fr aa BSA and erystallino 
eatalass (from bpvina livsr; tbywil-fraa) wars purebasad from 
Bosbrlnqar-tlannholB. Sodium phoaphata, athyl aeaCata, K,Ot 
RaOCl wara purchasad from flsbar Chaslcal Company. All otbar 
satarialB wara purchaaad from Sigma Oiamieal Company axeapt vharm 
indieatsd. 



Canaral P^oeMhiraa - Kyoloparoxidasa (donortbydroqen 
paroxida, oxidoraductas«, tC 1.11.1.7) waa iaolatad (A,m./A„^ 
ratio of O.l) and storad as pravloosly daacribad |Sl,4l). 

enxyma eoneaatration was datarmlnad spactrophotomatrlcaXly 
(C.M - 1*70 mir'cm-'; r«t. «). Human nautrophils wara isolatad by 
buoyant danslty cantrlfugatlon (271. Call axparlsant* wara 
parforMd in Madlum A (Hank 'a »alanea salt Solution (safnasium-, 
ealelum-, pbanol-, and bicarbenata-fraa; pH 7.2; 61bce-JU,> 
supplamaotsd with 100 iiH dlathy lanatrlaalnapantaaeatle acid 

for nautropbil axpariamnta. ionemyeln and phorbol syri stats 
aeatats wmra addad from concantratad atecks la athanol or di- 
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<0.2t |v/v). 

KQCl cuncancratlon •»•■ datanlnad •p«ctroplioto«aeric»lly 

(«»»! ," tr'c»''; r»f. 4*). 

BtifCcrK w«r« OMlcx-loo tr«at«d «nd «appl«MntMl vltn lOO to* 0T7A 
to rsaova radox-aetlv* wula. 

• Sodlua dodttcyl mie<ta-polyaeTYlamid« q*l alaeire- 
phoraalB (SOS-PACZ) wu parfomad as 4ascrib*cl by 
L««Mll (44). 

• Protain CQfitMt w«* Mamurad by tha Mtbod of Lowry, at 
al. (41) viui bovine sunis albuain as tha ftandard. 

• Jkaine acU analyaas vara parfors^ at tba Uaahinqton 
tmlvanXty School of HadieiM Protaln Cli«aiatry Cora 
^boratory. Fra-coluvi darlvatitation oC aalno acid 
hydro lysataa wiU) c-aBlnoquinayl-H-hydroxy-tucciniaidyl 
carbuata vas followad fay high parforaanca liquid 
cbroMCoqraphy {KPLC} «ttb uv dataction (4I»47|. 

gv»»hwil« of nttx - NaOCl (lU, «o1:m1) w addad drop-wiaa 
to L-tyroaina (3 aH In 20 *M aodiua phoaphata. pH 1.0) with 
con*«*nt mixing a« 0*C. tha aelution wa* than «*arMd to 37 'C far - 
«0 aid and laoMdiatAly uaad for axparLaant*. Prapsratlona wara 
analytad by ravaraa pbaaa HPLC prior to uaa and routinaly vara 
£*S« para. 

Hlah Parfo rmanea Llgufd Oirow.toQranhv - RPLC anaLyaia of 
pax vaa parformad utilising a CIS column (tociofean ftporaeil, Sam 
raain, 4.« aaa x 2«o n) aquilibratad viui aolvant A (5% aathanol. 
D.ll criCluoroaeatle acid, (TTA) , pH 3.5). 

Products vara aonitorad by abaorbanca (A^h..) and alutad at • 
flow rata of i sl/Aln with a nenlinaar gradient ganeratsd with 
solvant B (90% sathanol. 0.11 TTA, ptt I.S) aa follows; 

0% to 351 selvant • ovar 10 sin; 

tMcritlc slutien tt 3SI lelvvnt B for 20 nln; 

12% to 100% B over 10 sin. 
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("cjpHA'lyaifM waa guantiflad by aclntlltation spaetroaatry 
tollowtnq isolation en ravaraa phaaa HPIC (Tabla X. balow) with 
tha following gradlan^: 

0% ^o 19% BOlvant B »var S sin; 
Isocrstie alutlen at 10% B for 20 sin; 
10% to 100% aolvant B ovar 10 nln. 

Ondar tb««« eondltienm, pJU-lysins Is basa-IirM rasolvsd froa 
tyroaina. 



Cam-ration nf nHX-rvalna Adflaet . Raaetlons vara earrlsd out 
for 4 h St 17 •€ undar ths ra«e%ion conditions indieat,ad in tha 
Br lot Description ot ths rigurss, sbovs. sehift bass adduces 
than vers rsducsd by addition of 10 aK NaCKSU, and IncubatKm 
ovamigbt or for ths indleatad tias at 37 'C. tfhftrs indiestsd, 
100 sM SMonlua acstata was Ineludsd during rsducltion to scavangs 
firaa pKA. 

DM-LYslns rnraatlon on H*tthrnna-*««o^4«fr»<t rw^l»«l^ 
PTPteins of Infe.rt ealla- Whola blood dilutad with Madiua B (10 
KM pbosphata fapffarad salina. p« 7.0 (Sigma Oiaaical Ceapany) 
Kupplaaantad with 100 f(M DTPA) to a final concantration of 1 « 
10* arythroeytas/Bl was iaeubatad with ayaloparovldVs* (40 nM) , 
H,o, (100 UK) and L-tyreslna (100 mH) for 1 h 37 -c. 

Schift baas adducrta vara raducad by Incubation at 37 'C for 2 
h with le aH aacXBHi in tha prasancs of 100 aH aaaonlua acstata. 
Calls vara palXstad by csntrifugstlon (5000 x g) for IS sin at 
4*C, waahsd tvlca with Nsdlua M, and than hoaoganisad on loa with 
« tight tittlnv Pottar-Elva^baia hoaoganitar. 

Tha call' lysata was fraetionatad into solubls and aaabran»* 
•aaociatsd rraetions by ultracantrifugation (100,000 x g for I h 
at 4*C}. dallpldatad with two saqiiantial aictraetiona with watsr* 
vasbsd disthyl atbar (i:l; viw) , and L»t"c;]trrealno (300 naol; a 
aarkar of protain eontant) and ir-acstyl-H*-{"Ct)pKA-lysina (10 
pael) addad as intsrnal standards, rol lowing HBr hydrolysis and 
solid phasa aictraetion on a Clt Supaleo celuan, tha eontant ot 
pKA-lysijM was dataralnad by stabla iaatopa dilution CC-HS aa 
dsserlhad bolov. 
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^' Tfirn*'**'" W- fte«t v l>n'-f"ClnKA-L»aln« Internal Stamltnl 
- t,-(*>c;ltyraaln« (J mH) In 30 mM sodltw phospfwt* (pH 7.0| was 
(lr»t conv«rtM) to t'*C.lpHX purity >■ •■••■■•d by r«*«r»» 

ptuM HFLC) by Addition or HaOCl dwcrlb^ »bov«. r-Xc«tyl- 
lysins t* "MI tft«n addsd, tft« ■iKtur* w«» Incubatad •« 1T*C 

for 4 h, snd tha sehlft baa* waa raduead by ovarnlqht Incubation 
with 10 M HaOrSH,. r-kcatyl-r-("C.]pltt-ly»ina w.a laolatad by 
ravaraa phaaa KPLC (riq. X). 

»rnt.ln Hydrnlvaia - Solutlona of protaina eovalantly ^ 
Bodlflad by pK* w«ra drlad undar vacuus. Known quant Itiaa of 
aiUiar L-("C)ly«ina or L-["c«ltyroaina and (r'-acatyl-fT-l "OpHA- 
lyalna vara tbmn addad aa Intarnal atandarda. RBr {CM, 0.9 al) 
aupplaMntad with phanol (II) waa addad to tha aaapla (3S0 
protain) in »laaa 3 ml raaetlon via la aqulppad with Hinlnart gaa- 
ti9ht valves and the saeples ware altemataly evacuatad and 
purgad with ar^on gaa tlva tlMa. Thm argon-eovarad aolutlon *#aa 
hydrelyted at 120»C for 24 b. Tha protein hydro lyaata vaa 
diluted to a.O al with 0.1% TTK and applied to a Cia eolum 
{Suplaclaan, 3 bI. Supelco Co.) equilibrated with 0.1* TFfc. 
roi lowing a 1 »1 waah with 0.1% TT*. pK*-lyaliie waa reeowared 
with 3 el of 20% Mthanol in 0.1% TTl. 

sasples ware evaporated to drynaaa under either anhydroua K, 
or vacuus prior to derlvatlxation. i»-Propyl aatera were prepared 
by tha addition of 300 nl 3.5 H HBr in n-propknol (Caabridqe 
Xaotepe Laboratoriaa) followed by baatinq at «S*C for 30 eln. 
Propylatad produe«a vere dried under H, and pentaf luoropropionyl 
(PFT) derivativaa were than genera tad by addition of axcesa 
pentaf looropropl on ie acid anhydride (Pierce Chaaical Co.) in 
ethyl acetate (1:3; vtv) for 1 h at •S'C. Heptaf looroinityryl 
(RFB) derivativaa of eater If led reaction products were prepared 
by addition of 50 fil ethyl acetate/ haptaf luorobutyric acid 
anhydride (4il. v/v) and heating at *S*C for 10 ein. 

Tiaaue eoMegtlon • Sasplaa vara iMarsed in lea and 
proceaeed within 30 min ot collection, sehlf f baaea were 
rendered acid atable by reduction with 10 »« NaOtBH, in the 
preeence of XOO M auoniua aeetata (to aeavenge any free 
aldehyde) » l bM Malt, (a aiyeleperoxidaae Inhibitor) and 300 nM 
eatalaae <a H,0, acavengau-) in 50 bM aodiun phoapbata (pH 7.4) at 
37 for 1 h. PrelUlnary experi«ntJi conflrsed that no 
additional pKA-lyalne waa generated under these conditlena whan 
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aaaplea were aupplemented with ayaXaperexldaae (20 nN) and n,0, 
(100 MM). 

Saaplea ware aubaequently da lip Ida tad, the protain pallet 
washed twice with 10% trlchloreaeetle acid at 0*C under a fuse 
hood, and than aubjectad to acid hydralyala, solid phaaa 
extraction on -a Cl» ninlcelusn, and derlvatlsatlon for CC-M 
analiraia* 

ti»«« ^pertT"^^^*:* q Anal vela - Aalno acids were quantified 
uainq stable iaetope dilution CC-KS in tha negative- Ion eheslcal 
ionization ooda. Saaplea ware analyzed with a Hewlatt PaOtard 
Savo gaa ehrosatoqraph inter faced with a Hewlett Packard 51StA 
aaaa apeetroMter with extended eaaa range. Caa ehr east ogre phio 
separatlona were typically carried out utilising a 13 a HF-l 
capillary eoluan (Hewlett Packard; 0.1 as i.d., 0.33 Ma flla 
thlckneea) in the aplltlaas aoda with Ha aa the carrier gaa. 
Onleaa otharwiae indicated, the eoluan vaa run with the following 
teaparature gradient: 70*C to 300*C at CO-C/aln, fallowed by 
|00"C to 3S0"C at ie*C/ain. Xn^eetor, tranafer line and source 
te^Mraturee were aet at 2S0*C, 3S0*C, and 150 'C. raapectively. 
High reaolutlon aaaa apeetrtaietry with a VC-SAB SB double- 
feeuaing aaaa apeetroaeter waa parf oraed to eonf ira the propoeed 
stroctural aaalgnaenta of aajor ions by dateraining their 
eleaental eoapoaltion. Tha reaolutlon waa set at 10,000 with 
perfluorokeroaine as tha raferenca. 

Aaino aeida were quantified aa tbalr n-propyt. per-PTP 
derivative using aeleeted Ion aooitorlng. pKA-Lyalne waa 
aonitored using the baee peak at a/ 1 73 C (M"*HP), ajwther aajor 
fragaent ion at a/t 704 (r -SHP) , and thalr eorresponding 
Isotopically labeled internal standard i«na at a/t 733 and a/ s 
712. X«*tyresine waa aonitored using the base peak at «/z 3*7 
(If *-PPP) , another aajor fragaent ion at a/s 4i» (IT'-HF) . and 
their eorreeponding isotopieally labeled internal atandard ions 
at a/ a 373 and a/ a 501. L-Lyaine waa Monitored using the baae 
peak at a/t 4*0 (K""-Kf ) , another aajor fragaent Ion at a/t *40 
{K~-2HP), and their eerrespondinq Isotopically labeled Internal 
standard ions at a/t 46t and a/t 44«. 

Quantification wee beaed on an axtarnal calibration curve 
cenatructad with aaeh authentic eoapound and ita iaotopieally 
labeled Utemal atandard. To enaura that no interfering lona 
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Mr* co-«luCl.nq with Um aiulyt*, turn ratio ot ion currants o( 
tha tvo ch»raet«rl»tlc ion» ot ••ch coapound ana U» intamal 
atandard wa routinaly aonlterad. All aalivo actda war* baaallna 
aaparatad and co-alutad vlth "C-labalad lAtarnal ttandarda. Tha 
Halt of datactlon t>linMl/nolB* »"> »«» 
coapounda. 

lOd^ ^tudlaa - Ahalyaaa w«ra partem^ at JS^C In 0,0 
vjv) with H7LC puriflad K"-acatyl-»r-pHA-lyalna ualnfl a 
varlan Onity-Plut $00 ipactromatar <4«9.t4) KHi for H) aqulppad 
with a Nalorae Indlract datactlon proba. 'H chaalcal shift* war* 
rafaranesd to oKtamal sodlua 3-{trl»athylsllYU-propionat«- 
2, 1,3, 3, in DtO. 

Prior to ma aiwlyals, tha aaspla o< lf«-acatyl-»P-plU-lyalna 
was acidiflad wltb OCl (Caalaridqe laotopas Inc.} until Inhibition 
of aaida proton axchan?* was ofaMrvwt. ror proton and total 
eerralation spactroacopy (TOCST) sKparlMnta, tha intana* watar 
signal was sttanuatad- by trsnnittar pra-lrradlatlon. Tha proton 
mot spbctnm of r-aCBtyl-W-pHA-lyotna waa racordad at 25 -C tnm 
• 4 truisianta ondar tha tollowinq condltlona: pra-aequlsitlon 
daisy -2 s, acquisition tlao - l.t9 s t37,7<0 coaplax data 
points), pwlaa width - 7 n* (tO- flip angla) and spactral width - 
10,000 Hz. Tha fraa induction dacay was procasaad with a Una 
broadaninq spodtsation of 1.0 Ha. Far TOCSY, alqht trsnsianta 
vara eollacted for aach of 200 t, dcnsain incroMnts. A ID as 
aUlnq par led was awployad rasultlnq in erosa paaks for only tha 
stronqast scalar coupllnqa (qaminal and vicinal) . Tha 
•equisitlon tlsa waa 0.3SC a in t, (304 ■ covplax data points) and 
O.OSO a in t| (200 data points] . TOCST data was procassad by th« 
hyparcoBplax Mthod with Caualan walqhtinq in both t, and t, 
dlaansiens. Dlqital signal proeaasing was asployad to supproas 
artifacts arlainq frea tha intansa watar raaonanca. 



an fer»a a sehlff ha^. tba fraa aaina group of IT- 

aeatvl-lwslaa. Initially, a study was aada of tha raaetion of 
pMA with r-aeatyl-lysina, a aodal compound for fraa aalxio qroupa 
on protains, to faeilltats tha isolation and charsctorisation of 
products. Raaetions wars carrlsd out at pH 7.4 and 37 'C la • 
pbosphata-bufferad physioloqleal salt solution. 
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Kavarso pbaaa HPLC anaiysla of tha eoapiata roaction aixtur* 
aftar raduction with NaOfBH, rawaalad a sinqlo author aeid-at«bla 
product (riq. 1; ratantlon tlM 14.0 ain) . Forsatlon of tha 
coapound raquirad tha praaanca of both pHA and K*-acotyl-lysina 
Criq. 1); it waa undataetabla In tha absanea of raduction undar 
tha acidic condltlona aaployad for HPLC analysis. 

Oiaraerarisstion of tha stabla raducad produox by NXR and 
CC-RS (aaa balow) dasenstratad that it waa H'-aeaty l-H*-pltt- 
lysina (schaaa Z) . Tha f ailura to dataet tha coapound in tha 
prasanca of acid auqqaatad that tha initial raaetion of tha 
aldahyda and tha fraa aslno qroup of M*-acatyl-lyain« raaultad in 
formation of « Scbiff basa. Kaduction of tha Sehlff basa would 
,than yiald tha acid-stabl* aldahyda-lyalna adduct (Schau X). 

To datarmlna tha structura of tbt eoapennd. tha raaetion 
■ixtura was radue^ with HaCna,, and ttfhC puriflad satarial waa 
darivstlsad and aubjaetad to CC-NS analyaU. A alnqla aa^or paak 
of aatarial waa apparant In tha total ion ehroMtoqraa (Flq. 2A). 
Tha naqativa*lon ehaaical lonisatlon aaaa spactna of tha n- 
propyl aatar. p«r-PFP darivatlva of tha coapound (Plq. 28) was 
conaistant with tha propeaad structura of pHA-lyaina (Flq. 2A., 
Inaat) . 

Tha eoi^ound daaonstratad a low sbundanca ion on salaetad- 
ion aaaitarinq at a/t 74«. tha anticipatad a/s of tha Mlacular 
ion <M"), that co-alutad with tha aajor lona aaan in tha aass 
spaetnta of tha coapound. CC-MS analysis of tha n-propyl m»tmr, 
par-Kn darlvst.lva of tha coapound alao axhibltod a Mas spaetrua 
conslatant with tha propoaad struetura; lona war a obsarwad at a/i 
M« (K"), ITC (IT - KT). ISC (K" - 2KF) , ■12 C0,|, 

«9i (IT* - cr,ertQr,aui) and S7» (M" - cr,cp,coo-cH,-ai,cH,) . 

KKR apaetroacopy waa partoraad to astabllsh unambiquoualy 
tha atruetora of tha coapound (riq. 3). 5oth tha chaaical shifts 
and intaqratad paali araaa of tha MMt spactrua wars eonalsiant 
with tha atruetura of pHA-lysina (Plq. 3. Insat) . To cenfira tha 
proton aaaiqnsanta. TOCSY was aaployad to Idontlfy aealar 
coupllnqa batwoan rasonancaa (Plq. 4). Tha saquantlal ordar of 
2. 3 -bond B-K coupllnqa obaarvad in tha TOCSY axpariaant 
astabllshad tha atructura of tha coapound aa K*-Beatyl-lf -pHA- 
lysiaa. Oollactlvaly, thasa studlaa inaicat* that pKfc feru a 
saiiff basa with tha fraa aaino qreup of tr-acetyl-lyalna. and 
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thKt tlM atnictur* of th« cubl* raductlon product Lm ir-acatyl- 
M*-pHA-tytln« (Sch*M 1). 



■odlflM W in* r«ildfl«« af PrMllaiiury axp^rlHnt:* 

utLlLtLnQ L-l'*Clt.yr6»tn« teMn«Cr«t,*d that boviiw smm Alfaumin 
(BSAl WBB cov*l«ntly MdiflMl trr « X.-tYro«in«-d«rlw«d product In 
Ui« pr«aanc* oC Uia eeapLcta Ny«lop«roxi(Us«>K,0,-Cl* systn, 
assuKOd by SOS-PACZ «nd aubaftqusnt aUto-TBdlo^raphy. 

To d«t«nilna whaCtMr Xhm Schlff P^m adduct batwMn pMK and 
Um <-ulno ^roup oe lysin* sccountMl in part lor thLm raactloo, 
BSA was axpos^d to th« ayalopcroxldaar-HiOi ayvtra »uppl«Miitad 
with physiological concantratianaUa) of "C-laballad L-tyroaLna 
(100 (tM) and chloride (loo aK) . 

rollowi»9 Inrabatlon, ttw protain ttaa radiicwl with Naonui,. 
and thm content of [»*CJpafc-ly«ina ma datar«in«l by ravaraa 
phaaa HPLC and acint illation count Inf aa daacriba« undar 
"llatheda.* Xn tha praaanea of tba eo«pIate ayaloparexldaas-HiO,- 
ei* ayatw, lyaina raalduaa of BSA vara convartad to pHA-lyaina 
(Tabi« I). Synthamla oC tba adduet raqulrad for tha praaanca of 
■yaloparovidaaa, R,0,, L-tyroaina and »', and vaa inhibitad by 
tha K,Ot aeavangar eatslaaa (Tabla X} . Mdltlon of aithar azlda 
or eyanlda, two haaa protain inhibitors, rasultad in inhltaitlon 
of plU- lyaina synthaaia. canaiatant with the raactien being 
dapandant upon paroxidaa*. 

Itia C*-d«pcnd«nc» of Uw *nzy«atic reaction su99e«tcd that 
HOCl (or parhapa ensyaa-bound hypochlorite; refa. 4f,»0) was an 
intersadleta In tha fonaetion of pHA 17. Consonant with this 
proposal, addition ot HOC! and L-tyrosina to BSA resulted in tha 
covalent widlf ieatien of IT-lysine residues (Tfble t) . 
PtirtherMora, both lactoparosidase and horseradish perexidasa, 
vhleh do not use chloride as substrate ttlt , failed to qenara.tA 
either pHX (37) or the lysine adduct (Table X). The covalent 
nodlflcation of BSX by pHA was independent of free eatal ions 
because all react ions were carried out in the presence of OTTA* e 
patent inhibitor of setal-eatalyted reaction*. 
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yha mmAt^f eoralaft oanaratad betwaSB PlA anfl Ilfc la PP* 

lyal p ^j To deterwlna tha quantitative alanitieanee of pMA-lyaina 
relative to other potential protein addueta, BSA waa incubated 
with HPLC purified "C> label led pHA. The aodifted protain wee 
then incubated vlth MaorBK, hydrolyxed in KBr. and the aalno acid 
hydrolysata anaZyxed by reverse-phase KPLC and scintllletlon 
spactroMtry. -over tot of the radioactlvley recovered in the 
anino acid hydrolysete co-ehroetographed with authentic pMX* 
lysine (FIC. 5) . The identity of the radiolabeled co»pound as 
pMA- lysine was cenfixMd by CC-KS analysis. 

Aalno acid analysis confined that lysine wes the aajor 
target fojr covalent eodif Ication by pHA. Incubation of BSA with 
purified pHA in the presence of HsCMBN, resulted in the 
eensuatption of 34t of total L-lysine reeiduas in the protein. 
5Mll but consistent losses of L-srginine {•«%) were alao 
obaerved, and say aeeottnt for the late eiutinq product seen in 
rXC. S. There were also snail but consistent losses (•3%} in 
L-»spar«le acid, saggestlng a reaction involving the free aalno 
group of the N- terminal asparatic acid eC BfiA. 

Sehlft bases are In eguilibriun with their parent aldehyde 
and aalno aolaties. In the preeance of Raans,, the foraation of 
pHA^ lysine la enhanced by the reduction of evlstinq SehLtC baees. 
To estlaate the nuabar ot protain lyaina residues nodi fled in the 
absence of a reducing agent, B£A was incubated with pHA, and then 
the Schlff bene adduct was stablliked by reduction with HaCKBH^ 
in the preeance of high eeneentrations ot aaaenlua acetate (to 
scavenge unreectad pKA) . Aalno acid hydrolysis confiraed that 
lysine was the aajor target for covalent sodifleation by pHA 
under those condiCiona (Table II), The loss of L-lyeine residues 
was aoeouflted for by the appearance of a novel product Whleb 
coeluted with L-^lyelne on aaino add analyais, and that !• 
believed to represent pBA- lysine. 



an sMhlnat^ta t.-t^aali.a MttflatlBi. ^yeflttet, cpvalantlT 

ng^intB Both lafffil iwfrnit wfl mapltiHtc grgtiini aff 

ttitsBt eaila. Previous studies revealed that •90t of the pHA 
generated by activated neittrophlU partitioned Into the aeabrane 
fraction due to the aaphlpathlo nature of the aldehyde (il>. Xt 
was therefore detarvined herein whether nyeloperovldaee-generated 
pXA could covalent ly aodify seabrane-assoeitted and cytoplasmic 
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protclna ot lnt»ct call*. R»<1 blood c«lla w»r« IncutMtad tilth 
■y«lop«roxldaH, H,0, mnC phyaioloqlcal conc«ntr«tlons of L- 
tyroiin* and CV, and th» •Kt«nt of pHA-lysLno (orMtion 
datantinad. 

Subs cant i&t aaounto of tlM 9ehlrf ba»« adduet b«tv««n pIU 
and r-lyalno roaldua* vara 9anar«tad on botn aaabranoua and 
cytoplaaaie protaina as datactad by CC-KS (FIC. «X) . Salaetad 
ion aonltorina CC-HS analyalo daaonscratad that tha major ion» 
axpaetad for plU-lyaina eo-atutad with thosa of aynthacleally 
praparad [•»C)pKA-lyaina {FIC. «B) . 

Canaratlon of pHA-lyalna raqulrad oyaioparoxldaM, H,0,, L- 
tyroaina. and rad blood calla. Thaao raaults indlcata that pM 
raadlly difftaaaa through plana MKbranaa to raaet with 
LntraeaLIular protain*. Tha ralatlvo anrlchaant of pHX-lyilna In 
■aBbrana-asaociatad protaina aay ba du« aithar to high local 
concaittratlens of plU or thalr location at tha intarfaea batwaan 
tba Intracallular alliati and axtracallular spaca whara £r«« plU 
la qanaratad initially by araloporovidaaa. 



am amnmi ^ *Lma trr tmrnmn n«wtrm)hlla forma pm-lTMiai iflflllgtl W 
■odal Brataiaa. Phorbol aatar-aetivatad huaan nautrophlla 
iocubatad in a balancad salt aolutlon supplaaantad with BSA and 
plaaaa concantrationa of L-tyroaina ganarstad pHA-lyslna as 
dataraiAMl by atabla iaotopa dilution CC-NS {Ti«. 7 amd Tahla 
nil. Salaotad ion aonltoring CC-HS confiraad tho praaanea of 
pUA-lysina, ravaalinq ion* with tha axpaotad ratantion tiaa and 
a/» found In ayntbatieaily praparad ("ClpHA-lyaina. Koraovar, 
th* nagativa-iaa chaaical Ionization aaas spaetnia of tba 
nautropbil product was idantieal to that of authantie pHA'lysln* 
(eaapar* rXO.T aad rXO.XB) . 

Cevalant aodif lest lea of lyslna raaiduas in BSA by 
nautrophil-ganaratad plU raquirad caXl», L-tyroaina, and an 
activating atiaulos {Tabla ZXI) . Addition of auparosida 
dlsatttaaa to th* rasction aixturo, whi^ aeealeratas tha 
eoavaraion of aoparmtid* anion into H,0, SOO-fold at nautral pH 

eauaad a 3-fold ineraaaa in tba ylald of th* adduct (Tabl* 
ZIX) . Addition of tba ealciua lonephora ionoaycin. which 
proBOta* pKX aynthaaia (XT) . raaultad in additional pHA- 
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lyaina ganaratlon, eonalatant with anhanead H,0, aynthaala and/or 
ayaloparoxldaaa dagranulatlon. 

Canaratlon of tha eovalant adduet by activatad huaan 
nautrophlla vaa aanaitlva to inhibition by eatalaaa, indicating 
that BtOi waa raquirad for pHA-lyaina aynthoala. Th* haaa 
poiaon* axida and cyanida inhibitad pHA-lyaln* feraation. 
eonalatant with a rola of ayaleparoaidaa* in aldahyd* ganaration 
by tha ealla (IT). Collactiwaiy^ thaa* raault* harain Indlcata 
that activatad huaan nautrophlla aaploy tha Hyaloparcncidas*H)|0,- 
Cl' ayataa to ganarata pHA, which than raaeta with th* fro* aaine 
groupa of protaina to torn pHA-lyaln*. 



arotalga. Activation of huaan nautrophlla with pherbol aatar In 
aadiua containing phyalelogical concantrationa of L-tyroalna 
rasultod In th* eovalant aodi float lea of nautropbil protaina 
(rxe.l). A* with BSA, tha c*ll-a*dlat*d raactlon was atlaulatod 
by suparoxida dlaautasa, and inhibitad by aittiar paroxidaaa 
Inhlbitora (Halt, and KaCM) or an K,Ot scavangar (catalaaa). 
(rrci). 

pn-LTain* la pra.a**- —^^j^ry tUmilt To wrplor* 

th* rola of pUA in pretain •odlfleation in vivo, a variaty of 
acuta Inflaaaatory tl*su*s war* axaainad for th* ptasanc* of th* 
lyaina adduct. Spaclaans vara raduead with NacarsB} In tha 
praaanea of ■xcass aaaoniua acatata (to scavang* fr** aldahyda), 
BaM, (» ayaloparoxidaaa inhibitor) and catalaaa (a Hfy 
acawangar). Saapla* w«r* subaaquantly dalipidatad, subj*ct*d to 
acid hydrolyaia, and analysed by CC-H5. pKA-Lysin* was raadlly 
d«tactad by *«laet*d ion aenltoring in fluid iaolatad froa an 
intra-abdoainal abacaaa (FIC. 9). Siailar rasulta war* obtainod 
with apaeiaans coll*ct*d froa a gouty kn*« and an Infaetad 
pilonidal eyat. 
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-CH + H2N-(CH2)4CH{NHC0CHg)C02H 
PHA N?-Acetyl Lysine 

■I 

Schlff Base 
|NaC^€H^ 

"^"^^^^^2CH2NH{CH2),CH(NHCOCH3)C02H 
N« -Acetyl -N« -pHA Lysine 



CovftUai Mvdirwttiai sTBSA Lytw Rcudnci by (kt 
Mrd»pcratUu«-HtOrCr.TyrotlM ijtttm 



pHA^ysme 



Comptets System: 

BSA ♦ MPO ♦ HiOi * L-Tyrwine ♦ CT 7.3» 

Complete System kBnuK 

MPO 0 

L-Tyrosins o 

cr 0 

Complete System Plux* 

Calatue (lOitgAnl) o 

NaNs (1 mM) 0 

NaCN (1 mM) 0 

BSA ♦ HOa ♦ L-Tyroiine ♦ CT 15.8" 

BSA ♦ Licxopenuddsse ♦ H]Ot « L-Tyn>sine * CT p 

BSA ♦ Horseradish perondaM * HjOj * L-Tyrosine • Cf 0 



Hie coRpkie lyncRi eotmned oT Bulla B (20 mM todtum phos^ats. pH 7.0, 100 tM DTTA) 
ti9plaMstal with BSA (1 mstaO. mydopemsidase (M?0; 40 Mi. HiOj (100 fiM), U 
t'*qtyR»iBt(100|tM)aodK>a(I00taM). Whm mliuted. tactopenntdw (100 nd 
bancii^pct»udaie(tOti(teiI)«»a<aibaitiiled fw njOopuiwdae. or iMgem HOO (100 
mM) rtplMsd Bqidopowudne nd H|0|. AAtra I h ncuhatioa •! 17^ tacbOB produos wee 
reduced with NaOTBHi. BSA predpintcd aad the pcQet wuhed (O) with tO% mcUonMcctk 
Kid. and then Kid bydmlyscd. The pHA-tynne conm of the utiao add hydndrsuc wu Chca 
'* *'*"W"""I by twnw phuc HPIC nd lOBritlition touotinc u dacriM nader "Mctbods.* 
Product idcmtty confmwd by GC-MS tnatyxo. of the HA ta tbc compktt tysm 

Md •*$ of RHOi) KOa WIS used far the rncraticm of pHA>lyiiM. 
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B Acid CoapnitiM Asalyib sfBSA ModUkd by 




Mycloptfratldut-CciMnlcd pHA 
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GkitVTttlB/Gkitanwte 


too 


Gtydne* 


145* 


Hisbditt 


103 


Isateucne 


100 


Leudna 


100 


Lysine 


B2 


Phenytatanine 


101 


Proline 


100 


Serina 


101 


Threonine 


97 


Tyrosine 


98 ' 


Vatine 


99 



BSA CI n|/ml) wu beubated ovcmitht « 3'7*C with pHA () nM) in Medium B. Tht tcactiOB 
wu tenniuied by tbc sddhioa of 10 mM NiCHBH) aod 100 mM kmmoatum accuic <ia reduce 
Schiff t«tcs nd icavcase fm pHA. ropocttvely}. After ■ 2 h inci^Mtios it 37*0, a>odi6fld 
prateia «« isobud by lize extluiMe chnciutognt^ tuiot • DC-tO ealnmn (Bio-Rad) 
cqunibnted whh HA Tbe prateis w tbm dried under vaciniai, tcid bytiiotyzed tod sufafcded 
to amim «id aaalym u dorribnrt unkr "Methods.' Cy»ei0c a 



* RcprcwiRi the combined ykld of (lycine uid ihe prsumed pHA-lysine addticL 
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Table Ul 

C«v4kM MadiffeatiM mt iU LytiM Ac*id«a of BSA by Activstcd Hum NmtnpUli 



Condiben 



pHA-Lysine/Lywie 



Comptete System; 
CelS ♦ L-Tyro»ine ♦ BSA ♦ PMA 197 

Complete Synem Minus: 

Ceb <0.01. 

L-Tyrosine « 0.OI 

PMA * 0.01 

Complele System Ptus: 

SOD (10i«Anl) 545 

SOO (10 wM) * tonomycinO tiM) 6S6 

CataUse (200|igAnO 8 

NaN, 0 nM) 40 

MsCN (1 mM) )4 

Hwua neuDppbUi 0 X IO*/iM) «m iacidtatcd ftr 2 b ai 37T u H^^^ 
wpptoKBted with DTPA (100 and BSA {I tof/aJ). Ncuirapfail) wen aamttd with 
pbcffaot aw (PMA: 200 nM) aad matwaiaed u tuspensioii by tnt^ tmcniaa (CoMtpleic 
System). Nctara^dub «m removed by eciitrifu(atkm. and Schiff bass ta ibe "T^m Hirrt 
nA«d by Bddrtkw of NaC>ffiHniO oJ^ awl amoK^ After a 2 k 

toubuwe n peieia ta the ittpenMam wat pfcctpiuted ^ tMold lOH bidilenwcbe 
Kid 104 6e {«Meia peila was si^ected to acM bydrotysi Tbe pHA^ystne ceeten of tba 
aniiiio aeid h,«bolyji« *ai deteimiDtrf by staMe Uotope dflx^ SOO. wpcRnude 
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Vftrloua othar axftmplaa will bm appannt to Uia parson 
•k 11 lad In Uio arc aftar raadlnq tha praaant dlaeloaura without 
daparcinq froa tba aplrit and acopa of tha invantlon. It la 
Intandad that alt such ethar axasplaa ba ineludad within tha 
scopa of tha appandad clai»s. Thus, tba prasanca and laval of 
tha pHA-lysina In tha ssspls oZ' body fluid or tissua also can ba 
datankinad by imnopraclpltstlon procaduras In an iBMunoasssy 
with polyclonal or sonoclonal antibodlaa to tha pHA-lyslno. Ono- 
and two-slta rsdloisBunoasssys and anxysa Inunoassaya , a.q., an 
anxyM-lLnkad iaaunosorbant assay (EL2SA) procadur* as dascribsd 
by Engvall and ParlMim, J. i—unoi . 139-135 (1>73}. can ba 

usad in tha diagnostic Mthod of tha Invontion. Honoelonal 
sntibodlaa for usa in sneh proc^uraa can ba praparad by 
convantional hybridoss Mthodology daseribsd by KShlar and- 
Hllstsin, Wattira 25* . 495-497 (1975). and Ear. J. tMunal. fi . 
Sll-ftl9 (197«); and Coding, Wanoelnw*! ;inMbodl««i Priftelnla. and 
Pr»etif . x c adamie Prsss Inc., Mav York, 19S3). 
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I. A aiaqnostie Mttaod «nd »crMnlni9 t««t for 
»thtrosei«ro>is knd ariBloqeuB diMcsss involvlfvq acrivatad 
ptuToeytM and/ or inflanaatlsn coaprising dcuraioin? Ch* 
prsMOM ot p-hydroieyph«ftyl»ld»hyd«-l)f«in« In a t««t sa-pl* of • 
body fluid or ti>su* «t « l«v»l which Is alsvat-d relative to tho 
laval in • nenal subjact. 

a. Tl» »athod ot CUi« I in which tha ta»t saapla is husan 
Lnflaaautary tiM««* 



3. Thm ■athod of Claim I in which tha taat saspla is a 
hussn blood sarua or ptasM fraction. 

4. ttw Mthod of Claim l in which tha praaanca and laval 
of p-hydro)ryia»aiiyl»Hlahyda-lysina is datarainad by aass 
tpactroMtrle analysis and high rasolution «« spactroscopr. 

9. Tba aetbod of Clala 1 in which tha prasanca and laval 
of p-hydroryphanylaldahyda-lysina is dstaninad by an iaaunoassay 
with antibodias to said p-hydroxyaldabyda-lysina. 
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